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INTRODUCTION

An analysis of the technical and economic feasibility of using fuel
cells for Navy shore activity applications was performed. The primary
advantage of fuel cell power plants is their ability to generate elec-~
trical energy efficiently (approximately 40/) regardless of their size.
This feature, in addition to the inherent operating quietness, allows
siting of fuel cell plants next to loads where the fuel cell thermal
by-product (domestic hot water) can be utilized. Fuel efficiencies as
high as 80% can be realized when operating in the co-generation mode.

This report docvments a computer program for simulating the opera-
tion of a fuel cell power plant at a Navy site. The computer program
was initially developed to simulate a 40-kW phosphoric acid fuel cell
operating with or without an electrical grid and auxiliary boiler. The
program was later extended to include thermal storage and phosphoric
acid fuel cells of any size.

.APPRCACH

In this investigation of fuel cell power systeus, a model was devel-
oped to simulate the operation of an existing fuel cell system. The
" United Technology 40-kW phosphoric-acid fuel cell was chosen to model
because it is currently the most commercially ﬂ'veloped fuel cell power
plant system available.

As a first step in the analysis, data were collected tfor the 40-kW
fuel cell. Available data consisted of performance curves and subsystem
operational "thermodynamic state points" for the power plant operating
at 20- and 4C-kW. From these data and the objectives of the fnvestiga-
tion, output requirements for the computer simulation were established.

In the development of the computer program, a mathematical model of
the fuel cell power plant subsystems was employed. A mathematical model
was developed through a thermodynamic analysis of each power plant sub-
system, using the thermodynamic state pbint data collected. Most sub-
systems could be modeled accurately, but it was found that the data was
insufficient for am accurate model of the entire system. Therefore, the
mathematical model was modified to include manufacturer performance test
curves in lieu of state points. Subsystem models from the thermodynamic
analysis, such as the effect of ambient air temperature on the fuel cell
performance, were kept for thermal effects not well-represenced in per-
formance curves.

A computer flow chart was then prepared, based on the modified math-
ematical model and computer program inputfoutput requirements. From
this flow chart, a computer simulation program was developed for this
particular fuel cell operating at a Navy site. After achieving a working
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computer simulation model for the 40-kW fuel cell, the program was ex~
tended to include phosphoric acid fuel cells of any size. This enhanced
the computer program capability while requiring relatively minor altera-
tions to the program itself. Because fuel cell electrical efficiencies
are consistent over a wide range of sizes, the same performance curves
could be ussd for the extended program. Thermal stcrage sizing capabil-
ity was also added. .

With the modified program usel! in an iteration scheme, the optimum
operational size of 'a fuel cell and thermal storage can be determined
for a given Navy site application. From current fuel cell capital costs,
site-specific energy load and rates, and energy consumption/displacement
data generated from the computer simulation, a 1life cycle cost analysis
-can be performed for a given application.

DiSCUSSICN

United Technology 40-kW Fuel Cell Power Plant

The 40-kW fuel cell power plant is an on-site energy system which
simultaneously generates AC electrical power and recoverable thermal
energy. It uses pipeline gas or peak~sha.ed gas for fuel (Table 1).

Figure 1 illustrates the 40-kW fuel cell power plant. Tha plart
features include: high efficiency; quiet, nonpolluting, automatic, un-
attended operation; and instantaneous load response. The power plant
consists of the following major subsystems: '

1. Fuel processor

2. Power section

3. Thermal management subsystem

4. Power conditioner

Figure 2 is a simplified block diagrém of the fuel cell power plant.

The fuel processor delivers a hydrogen-rich gas to the anocde side of the
power srction. The power section electrochemically consumes this gas

--and oxygen, which has been delivered to the cathode side of the power

section, to produce direct electric current. This direct current goes
to an inverter to produce AC electrical power with characteristics shown
in Table 2. The thermal management system controls the power section
reaction temperature (approximately 370°F) and supplies thermal energy
for fuel preprocessing/processing, high and low grade heat exchangers,
and condensate preheating. The high grade heat exchanger is connected
in the cooling lcop of the pcwer section, and the low grade heat exchanger
is connected to tbe power section cathode exhaust. Both heat exchangers
supply domestic hot water between 110 and 180°F.

At the time of this investigation, the most detailed operational
data available for the United Technology 40-kW fuel cell system were the
"thermodynamic state point" data for the power plant operating at 20 and




e 40 kW. This operational data were generated by United Technologies and

. supplied to the NASA-Lewis Research Center under contract. Figure 3

) illustrates the operational schematic of the 40-kW fuel cell power plant,
and Table 3 is a list of the accompanying thermodynamic state point data
for the fuel cell operating at 20- and 40-kW. System pe :formance curves
also generated by United Technologies (Figures 4 through 7) exist for
system electrical efficiencies, low and high grade heat availability,

and power plant percent fuel utilization.

Development Of 40-kW Phosphoric Acid Fuel Cell Computer Model

As a first step in developing this computer model, computer input
and output requirements were established. Data inputs that are available
or can be approximated for a given site include: daily electrical and
thermal load data, ambient air temperature, electrical costs (buying and
selling), and auxiliary boiler and fuel cell fuel costs. Using these
input data, computer output requirements were determined as follows:

A. Energy Printouts {every 1/2 hour)
1. Fuel cell electrical output
2. Fuel cell thermal output
3. Fuel cell thermal energy dumped
e : 4. Grid output
5. Grid input (from fuel cell)
6. Auxiliary boiler output
B. Total Daily Cost Printouts
1. Fuel cell fuel consumption
2. Electricity purchased
'~4;;7n“7 S 3. Electricity sold
— 4., Auxiliary boiler fuel consumed
— : The printout requirements listed are available for four different
load following schemes: the fuel cell running at rated output; elec-
trical load following; thermal load following; and the fuel cell at zero
output. The computer program simulates fuel cell operation for a maxi-
mum of 24 hours per total data set entry.
Development of the compuier model to meet these output requiremeats
proceeded with a thermodynamic analysis of the fuel cell power plant
subsystems, using the thermodynamic state point data. These data were

S found insufficient for a complete and accurate mathematical mcdel of the
system. Equations derived from manufacturer performance test curvec

+




were then combined witbh specific subsystem thermodynamic models (ambient
air temperature effects, thermal management system) to provide a more
accurate model of the fuel cell system.*

Four of the performance curves used in the mathematical model of
the 40-kW power plant are shown in Figures 4 through 7. Equations gener-
ated from these curves represent the fuel cell plant's low- and high-
grade thermal and electrical outputs and the ambient air temperature
enthalpy effect on the power section cathode exhaust. These equations
are all interrelated ard are solved in the mathematical model by equating
the appropriate equation variables to either the electrical or the ther-
mal load requirement and sequentially (rated output; electrical load
following) or simultaneously (thermal load following) solving for the
remairing variables. By using the mathematical model and program
input/output requirements, a computer flow chart was developed. The
flow chart is divided into six major sections as follows:

1. Data input and lcad following scheme selection
2. Fuel cell power plant running at rated output -

3. Plant electrical outpﬁt set equal to the electrical load re-
"quirement .

4. The combined thermal output of the fuel cell (low- and high-
grade heat) set equal to the total thermal load requirement

5. Fuel cell output set equal to zero

£. Printout of desired energy and operational cost data

The computer prcgram developed from this flow chart reads in one
electrical and thermal load data set for every 1/2 hour of simulated
operation. Each data set is run through the separate load following
schemes and all output requirements are computed before the next data
set is read. After computations are completed for the last data set
entry, the user may select a variety of printouts pertaining to the
program load following schemes, energy input/outputs, and cost analysis.

This computer simulation of the United Technologies 40-kW fuel cell power.
--plant is available, but a program listing is not included in this report

as it is not the final product of this investigation.

Extended 40-kW Fuel Cell Power Plant Computer Simulation

The extended computer simulation is similar to the 40-kW computer
program but alsc allows the user to select the size fuel cell and ther-
mal storage capacity desired. A siuplified operational schematic of the
integrated fuel cell, utility grid, thormal storage, and auxiliary heater

*Forty-eight United Technology fuel cell power plants are currently being
manufactured and tested in a variety of locations. Verification of
manufacturer performance curves will accompany the associated field test

data.




system used for this simulation is shown in Figure 8. Figure 9 shows
the flow chart of the extended fuel cell computer program with fuel cell
and thermal storage size welection capability.

The extended 40-kW fuel cell computer program optimizes the fuel
cell and thermal storage size with respect to energy inmputs/outputs and
operatioral costs through an interation method. Initial fuel cell size
and thermal storage capacity is selected by the user based on electrical
and thermal load data and desired operational mode. Table 4 lists all
input requirements for the extended computer program. With these inputs,
an initial computer simulation is run. From this simulaticn the user
would observe energy input/output data printouts to determine if all
energy requirements are satisfied for the size of fuel cell and storage
capacity selected. The total system energy cperating costs would also
be noted for comparison with subsequent simulations having the same load
requirement data sets. This method can be repeated until the lowest
operating cost is obtained and all energy requi:enents of a particular
application are satisfied.

Appendix A lists the extended computer simulation for the phosphoric
acid fuel cell power plant. .Operating options and use of this simulation
are presented in Table 5. : ~

"APPLICATION

Simulatfion At Naval Air Station (NAS) Sewell's Point

To provide an example for using the extended computer program, a
computer simulation was done for NAS Sewell's Point, Va. This example i
simulated a fuel cell operating with grid and auxiliary boiler with oper- ‘
ating options and use outlined in Table 5. Bachelor's Enlisted Quarters
(BEQ) (Building U-16) at Sewell's Point was chosen for simulation for
its comparable hot water and electrical load profiles. Detailed elec-
trical consumption dz:ta for this activity were obtained from Refer-~
ence 1. Hot water consumption data were generated on a per man basis in
accordance with Reference 2. The electrical, fuel, and thermal energy
unit cost data for Sewell's Point and the Navy-wide averages obtained
from FY82 DEIS II reports (Ref 3 and 4) are listed in Table 6. For this
computer simulation example, ele‘'trical energy was "sold back™ to the
grid for $0.01/kW less than its purchase cost. Actual sell back rates
vary greatly, depending on utility company policy and local laws governing———————
those rates. Printouts of this simulation are shown in Appendix B.

A 150~kW fuel cell size, between the minimum (115-kW) and maximum
(195-kW) electrical load, was selected for the initial simulation. Ther-
mal storage size was initlally selected at 10 of the total daily con-
sumption (Ref 2). User inputs for the initial simulation are listed in
Appendix B. Tables B~l, B-2, and B-3 list the 24-hour total energy
inputs/outputs every 1/2 hour for a grid, auxiliary heater (boiler),
thermal storage, and fuel cell operating under three separate load fol-
lowing schemes: rated output (Table B-1); electrical load following
(Table B-2); thermal load following (Table B-3). The columns on each
page show how all components of the fuel cell energy system react to the
electrical and thermal load for the selected load following scheme.




Each table has eight ¢r’umns defined as follows:

1. TIME - actual time of simulation in increments of 1/2 hour up
to 24 hours

2. ELEC.- the BEQ electrical load
3.' THERM ~ the BEQ thermal load
4.. F/C - the fuel cell electrical output

5. GRID - electrical energy delivered frem {+) or to (-) the grid

6. FI/C - the fuel cell thermal output

7. BOILER - the auxiliary boiler/heater thermal output
8. STORAGE - the hot water storage thermal output

Nota that columns 4 and 5 together equal column 2 (electrical load) and
that columns 7 and 8 together equal column 3 (thermal load) for a given
simulation time. .Column 6, the fuel cell thermal output, contributes to
the thermal load and hot water storage, and in some instances must be
dumped by means of cooling fans in the fuel cell power unit,

To aid in the interpretation of the fuel cell thearmal outputs, the
computer prograuw incorporates a separate printout sheet titled "Thermal
System Input/Output." Table B-4 lists the thermal system inputs/outputs
for a 150-kW fuel cell and 3,000-gallon thermal storage. Each of these
pages has six columns defined as follows:

1. TIME - actual time of simulation in increments of 1/2 hour up
to 24 hours

2. LOAD -~ the BEQ thermsl load

3. AVAIL - thermal energy availab e from the fuel cell

4. DUMPED - thermal energy dumped by the fuel cell (cooling fans)
5. OUTPUT - hot water storage.contribution to the thermal load

6. LEVEL - actual storage in 1,000 Btu's of hot water storage at a
given time.

The change in storage level for any 1/2-hour period (any two adjacent
figures in column 6) equals 1/2(column 3 ~ column 4 - column 5) For
example, in Table B-4, from 0 to 30,

86 = 1/2(35R.94 ~ 0 - 6%.34) =’147.30 Btu




These printouts are used primarily for sizing thermal storage to
handle system thermal level fluctuations created by (1) high fuel cell
thermal output at low thermal load and (2) low fuel cell thermal output
at high thermal load. Optimizing therral storage size is accomplished
by minimizing the auxiliary boiler output and fuel cell thermal dumping
and maximizing the thermal storage contribution to the thermal load.

For comparison, the thermal storage size was changed to 500 gallons and
the simulation was run w.th identical load data. Table B-5 lists the
thermal inputs/outputs for this simulation.

Operational cost printouts for a 150-kW fuel cell operating with
grid and auxiliary boiler are shown in Table B-6. Sewell's Point energy
unit cost data (Ref 4) were used for these printouts. Similar cost
printouts were also generated for a 100-, 150-, and 200-kW fuel cell
with 3,000 gallon thermal storage, using both Navy~wide average and
Sewell's Point energy unit cost data. A summary of these printouts and
an operational cost total for a 150-kW fuel cell with 500-gallon storage
are presented in Table 7, which can be used in combination with energy
input/output printouts to determine the lowest operating <osts for given
application requirements and to explain the varied costs.

The following are observations and comments for Table 7.

~1

1. Observation: For the rated and electrical load following schemes,
dally operational costs for the 150-kW fuel cell with 3,000-gallon ther-
mal storage are approximately $5/day lower than the 150-kW fuel cell
with 500-gallon thermal storage. ’

| Bl 4

Comments: The 500-gallon storage thermal system input/output print-
outs (Table B-5, column 4) show that a high perceatage of the fuel cell
thermal energy is dumped and that the storage thermal output (column 5)
is considerably lower than the thermal demand (column 2), resulting in
higher auxiliary boiler costs. The 3,000-gallon thermal storage
(Table B-4, column 4) minirizes the thermal load fluctuations, thereby
utilizing the fuel cell thermal energy more efficiently.

2. Observation: Using Sewell's Point energy unit costs, the lowest
system operating cost is obtained with fuel cell electrical load fol-
lowing. When Navy-wide energy unit costs are used, the lowest operating
cost is obtained by running the fuel cell at rated output.

Comments: Table 6 shows that Navy-wide average purchased electrical
unit costs are considerably higher than Sewell's Point electrical unit
costs but that Navy-wide natural gas unit costs are lower than at Sewell's
Point. "Operational costs are lower using Navy-wide energy unit costs
since the fuel ceii can cost effectively produce excess electrical energy 1
to sell back to the grid. These operational costs will decrease for
larger fuel cells until the fuel cell thermal by-product cannot be uti-
lized efficiently because they exceed the thermal load. When using
Sewell's Point energy unit costs, it is not cost-effective to produce
excess electrical energy; consequently, the electrical load following
scheme has lower operating costs. : '




3. Observation: The fuel cell thermal load following scheme operational
costs are higher than the electrical load following costs.

Comments: The thermal load following energy input/output printouts
(Table B-3, column 5) show that a considerable amount of electrical energy
had to be purchased from the grid. This is due to the low fuel cell
electrical output when the fuel cell is following a minimal thermal load.
Although each application must be considered separately, this investiga-.
tion found that thermal load following was not advantageous when extreme
fluctuations in the thermal load existed.

4, Observation: Daily cost "savings" (operational cost without fuel
cell minus operational cost with fuel cell) using Navydwide energy unit
.costs are over $100/day more than when using Sewell's Point energy unit

COSCS.

Comments: This large operational cost savings difference is due
directly to the differences in the Navy-wide average and the Sewell's
Point energy unit costs. The effects of such cost differences on the
economics of a given application are discussed briefly in the following

section.

Phosphoric Acid Fuel Cell Economics

A total life-cycle-cost product analysis for a 150-kW fuel cell oper-
ating with grid, auxiliary boiler, and 3,000-gallon thermal storage is
shown in Table 8. The analysis was done in a:cordance with Reference 5
using a 25-year projected life, a 9.524 cumulative uniform series dis- -
count factor, and Navy-wide levelized fuel prices shown in Table 9.
Energy consumption and displacement data used in lines 9 and 11 in
Table 8 was taken directly from the 150-kW fuel cell electrical load
following computer simulation printouts of Appendix B and extrapolated
to represent one year's energy consumption/displacement. Since fuel
cells are an emerging technology, projected commercial capital costs
ware used for this analysis. A unit fuel cell capital cost of
$1,500/kW-energy was selected from a range of $400 to $1,600/kW-energy
(Ref 6). Applying Navy-wide levelized unit energy costs to the Sewell's
Point example, line. 12 of Table 8 shows a life-cycle-cost of $10.51/MBtu.
When compared to Table 9's purchased electricity levelized price
($10.66/MBtu), this application is seen as marginally cost effective.
Using Sewell's Point levelized energy unit costs would make this appli-.
cation not cost effective for the fuel cell unit capital cost selected.
However, the majority of fuel ceil capital cost projections are lower
than used in this example, and more desirable energy unit costs can be
obtained by selecting a different Navy site.

SUMMARY

Since phosphoric acid fuel cells produce electricity with high effi-
ciency, have instantaneous load response, are nonpolluting, and can be
sited next to lcads (quiet operation) for thermal by-product use, the
technical feasibility of fuel cells for Navy applications becomes a




question of operational reliability and 1life cycle costs. Although high
reliability is a design feature of phosphoric acid fuel cells, actual
operating data is needed to verify this reliability. The economics of
each fuel cell system (grid, auxiliary heater, thermal storage) applica-
tion are determined primarily by capital costs, local energy unit costs,
and fuel cell system operational mode and handling of electrical and
thermal loads. An example was given of a Navy application at NAS Sewell's
Point. This example had a marginal economic return due to « high fuel
cell unit capital cost of $1,500/kW-energy. Industry's projected lower
capital costs could greatly increase the cost-effectiveness and number
of potential Navy fuel cell applications.

The computer program developed in this investigation simulates the
fuel cell system (grid, auxiliary heater, thermal storage) daily opera-

"tion and generates energy consumption and displacement data required for

an economic analysis. Since a variety of phosphoric acid fuel cell sizes
are not currently available, this computer program is best utilized for
projecting Navy fuel cell applications and evaluating phosphoric acid

fuel cells as they become commercially avaiiable. Fuel cell sizing appli-
cations using computer methods will increase with fuel cell commerciai-
ization. The phosphoric acid fuel cell is curremily the most commercially
developed but other types of fuel cells (molten carbonate, solid elec-
trolyte) having greater technical and economic potential are emerging.

The enclosed computer program (Appendix A) is structured such that it

can be modified to simulate the operation of these different fuel cells
without excessive alterations to the existing program.

REFERENCES

.1. R.E. Bergman and R.J. Tinsley. Measurements of winter electrical

consumption at Sewell's Point Naval complex, Naval Civ:1l Engineering
Laboratory, Technical Memorandum M-53-81-03. Port Hueneme, Calif.,
Aug 1981. ‘

2. Navy Bureau of Yards and Docks. Mechanical engineering, NAVFAC DM-3.
Washington, D.C., Sep 1972, pp 3~1-~13 and 3~1-14.

3. Naval Energy and Environmental Support Activity (NEESA). Defense
energy information system, Navy-wide shore utilities (DEIS II) FY82.
Port Hueneme, Calif., Oct 82,

4, - . Defense energy information syéten, Energy unit cost,
shore utilities (DEIS II) FY82. Port Hueneme, Calif., Oct 82.

5. National Bureau of Standards. Life cycle cost manual for the Federal
Energy Management Program, NBS Handbook 135. Washington, D.C., Dec 1980.

6. Institute of Gas Technology. Symposium papers: Fuel cell technology

status and applications. Chicago, Ill., May 82.

7. United Technologies Power Systems Division. On site 40-kilowatt
fuel cell power plant model specification, Contract Report No. OE-AC-0377
ET11302. South Windsor, Conn., Sep 79. :




Table 1, Pipeline and Peak-Shaved Gas Specifications

NZ (Continuous)
Total Sulfur
Thiophane Sulfur
Maximum NH
Chlorine

3

Maximum, 30 pPPRYy |
Maximum, 10 pPRy
Maximum, 1.0 ppmy
0.05 ppmy,

. Maximum
Component Specification Allowable
. Volume
Peak-Shaved Gas
Natural Gas Minimum, 45X by Volume
Total Gas Mix
Peak-Shaved Gas Mix Maximum, 55Z by Volume
: Total Gas Mix
Liquified Petroleum Maximum, 36X by Volume,
(L.P.) Gas - in Total Gas Mix
Alr Maximum, 23.5Z by Volume,
in Total Gas Mix .
Propylene Maximum, 10X by Volume,
in L.P. Gas (Equal to
3.6% in Total Gas Mix)
Total Sulfuzr Maximum, 30_§pmv
Thiophene Sulfur Maximum, 10 PPy
Maximum NH3 Maximum, 1.0 ppmy,
Chlorine 0.05 PPm,
Pipeline Gas -
Methane 100.0%
Ethane 10.0%
Propane 5.02
Butanes 1.252
Pentanes, Hexanes c6+ 0.5
CO2 3.02
O2 2.5%
15.02
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Table 2. Electrical Characteristics

- Characteristic

Description

Output Power Form
Frequency

Frequéncy Stabili;y‘
Voltage

Voltage Regulation

Voltage Recovery
Phase Sepatacioh

Current Limit

Maximum Duration 6f Cm.ent Limit
Total Harmonic Distortion

Electromagnetic Noise.

4~wire, 3-phase
60 Hertz
£0.0002%/yr
120/208 VAC

$5Z with up to 307 load unbalance
under steady state conditions

Within 2 cycles |
120 *5 degrees electrical 'i

Up to 300 amperes RMS for line-to-line
short circuits and 450 amperes RMS for
line to neutral short circuits i

5 seconds E
i
;

<152

Shall not degrade performance of con-
ventional electrical equipment located
farther than 10 feet from the power!
plant |
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Table 4. User Inputs for Extended 40-kW Computer Program

Input Units
Fuel cell size kW
' Date/locatioh/total hours of simulation
Electrical load data kW
Thermal load aata kBtu/hr
Ambient air temperature °F
Thermal stcrage volume gal
Thermal storage initial temperature °F
Required hot water temﬁerature °F
System feed waier temperature °F
Natural gas unit cdst $§/MBtu
Thermal energy unit cost | $/MBtu
Purchased electricity unit cost $/kyW
Sell electricity unit cost S/kw
17
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Table 6. Navy-wide

and Sewell's Point FY82 Energy Prices

Energy Type

NAS Sewell's Point

Navy-wide Average

Natural Gas

Thermal Energya

Purchased Electricity

- $4,95/MBtu
$7.80/MBtu

$37.43/MWh

$4.24/MBtu
$9.33/MBtu
$57.54/Mih

3Based on average fuel oil price and 0.75 boiler conversion

efficiency.
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Product: 150-kW Phosphoric Acid Fuel Ce
and auxiliary boiler

Table 8, Total Life-Cycle-Cost Analysis

Location: Building U-16, NAS Sewell's Point

11 operating with utility grid

Item Cost
1. Acquisition cost of (typical) single application $225K
2. Present worth, terminal value of single aﬁplication $OK
3. Net adjusted capital investment cf single applica- $225K
tion (1 - 2] .
4, Economic life of application 25 years
5. CUS factor for economic life of single application 9.524
6. Capital investment, annualized [3 % 5] $23.62K/yr
7. Annual non-energy 08M costs $2K/yr
8. Annual energy use
a. Energy Type Natural Gas
(1) Annual energy consumption 11,640 MBtu/yr
(2) Unit cost $9.07/MBtu
(3) Annual energy cost $106K/yr
b. Energy Type Fuél 011
(1) Annual =~nergy consumption 3,595 MBtu/yr
{2) Unit cost $13.29/MBtu
(3) Annual energy cost $47.78K/yr
c. Energy type Electricity
(1) Annual energy consumption 614 MBtu/yr
(2) Unit cost $10.66/MBtu
(3) Annual energy cost $6.54K/yr
d. Total annual cost for energy $160.32K/yr
[8a (2) + 8b (2) + 8¢ (2)]
3. Total annual recurring costs [(8d) + (7)] $162.32K/yr
10. Annusl energy generated/displaced 17,688 MBtu/yr
11. Life-cycle-costs [(6 + 9)/10] $10.51/MBtu
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Table 9. Levelized Fuel Prices by Fuel 'l‘ypea

[1985-2010 time period]

Fu.l Type Cost ($/MBtu)
PutchasedhElectriciiy ‘ 10.66b
Fuel 011 ' | 13.29
Natural Gas 9.07
Coal N 4.17
Propane‘ _ | 29.30
Putchased!Stcpm/Hot Water 24,42

.Steps deJeloped by NCEL to project levelized fuel
prices in 1982 dollars:

1. l980§prices are derived from least-squares
analysis of historical DEIS and UCAR data
(1970 ~ Second Quarter 1980).

~ 2, 1985 prices are projected from 1980 prices
using short-term escalation rates, but ig-
noring inflation.

3. Pricgs are levelized over 1985-2010 time
period using long-term differential escala-
. tion rates,

b'I‘he $/MBtu number given for electricity includes the

power plant conversion efficiency of 11,600 Btu/kwh.
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Figure 1b. Major component locatioms.

Figure 1. 40-kW power plant (from Ref 7).,
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Figure 2. Simplified block diagram (from Ref 7). - -
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o EFFICIENCY =
LOWER HEATING VALVE FUEL IN
e §00 HOUR RATING POINT '

sb o ASSUMED LHV = 813 BTU/FT3

EFFICIENCY BAND WIDTH FOR POWER PLANT

10 OPERATING RANGE (0-6000 FT, ~25°F TO 120°F)

ELECTRICAL EFFICIENCY -n PERCENT

| ! | ' }
0 25 50 | 100

PERCENT OF RATED POWER
Figure 4. Electrical efficiency bandwith (from Ref 7).

] o 500 HOUR CELL PERFORMANCE
: o 70°F AMBIENT TEMPERATURE
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= }
= |
e i
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. 1 20 30 a0
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‘Figure 5. Power plant fuel flow (from Ref 7).
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LOW GRADE HEAT AVAILABLE - BTU/HR x 1000

HIGH GRADE HEAT AVAILABLE
STU/HR x 1000
2

80} ,
110°F AMBIENT, 6000 FT ALTITUDE,

8000 HRS - - \

e 160°F SUPPLY
o 80°F RETURN
* 150 GPH — CUSTOMER WATER FLOW

=25°F AMBIENT, SEA LEVEL, 500 HRS

% 50 % 100
PERCENT OF RATED POWER

Figure 6. Low grade heat availability (from Ref 7).

®eeo

110°F AMBIENT TEMP, 8000 HR, 6000 FT
A10°F AMBIENT TEMP, 500 HR, 6000 FT
~25°F AMBIENT TEMP, 8000 HR, SEA LEVEL
~25°F AMBIENT TEMP, 500 HR, SEA LEVEL

Q
)
(©
O]

25 7% 100

PERCENT OF RATED POWER

Figure 7. High grade heat availability (from Ref 7).
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Appendix A

“

PROGRAM LISTING FOR EXTENDED 40-kW FUEL CELL COMPUTER SIMULATION
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Appendix B

PROGRAM PRINTOUTS OF EXTENDED 40~kW FUEL CELL COMPUTER SIMULATION
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‘'CNO Code NOP-964, Washington DC; Code OP 987 Washington DC: Codc OP-4i3 Wash., DC: Code OPNAV

DISTRIBUTION LIST

ARMY Fal Engr. ! etterkenny Army Depot, Chambersburg, PA

AF SM/ALC/DEE * (J. Pestillo) McClellun AFB. CA

AF ENERGY LIAISON OFF-SERI OFESC/OL-N (Capt B Tolbert) Golden CO

AFB (AFIT/LDE). Wright Patterson OH: 82ABG/DEMC. Williams AZ: ABG/DEE (F. Ncthers). Goodfeliow
AFB TX: AF Tech Office {Mgt & Ops). Tyndail. FL: AFESC/TST. Tvndall FL; CESCH. Wright-Patterson:
HO MAC/DEEE. Scott, Il: SAMSO/MNND. Norton AFB CA: Samso/Dec (Saucr) Vandenburg. CA: Stinfo
Library. Offutt NE: Wright-Patterson, Encrgy Convension. Dayton, OH

AFESC DEB. Tyndall. FL; HQ. RDVA & RDVCW

ARMY ARRANCOM. Dover, NJ: BMDSC-RE (H. McCleltan) Huatsville AL: Contructs - Facs Engr
Directorate. “ort Ord. CA: DAEN-CWE-M. Washington DC: DAEN-MPE-D Washington DC:
DAEN-MPR. Chicf of Engrs Sol Therm/Sol Hig & Cool Washington: DAEN-MPU, Washington DC:
ERADCOM Tech Supp Dir. (DELSD-L) Ft. Monmouth, NJ: Natick R&D Command (Kwoh Hu) Natick
MA: Tech. Ref. Div., Fort Huachuca, AZ

ARMY - CERL Ercrgy Systems, Champaign. IL: Library. Champaign 1L _

ARMY CORPS OF ENGINEERS MRD-Eng. Div.. Omaha NE: Scattle Dist. Library. Scattle WA

ARMY CRREL G. Phctteplace Hanover. NH

ARMY ENGR DIST. Library, Portland OR

ARMY ENVIRON. HYGIENE AGCY HSE-EW Water Qual Eng Div Aberdeen Prov Grnd MD: Librarian,
Aberdeen Proving Ground MD

ARMY MATERIALS & MECHANICS RESEARCH CENTER Dr. Lenoe, Watertown MA

ARMY MISSILE R&D CMD SCI Info Cen (DOC) Redstone Arsenat. AL

ARMY MTMC Trans Engr Ar~ncy MTT-CE. Newport News, VA

ASO PWD (ENS M W Davis), Phildadelphia. PA

BUREAU OF RECLAMATION Code 1512 (C. Selander) Denver CO

CINCLANT CIV ENGR SUPP PLANS OFFR NORFOLK. VA

CNAVRES Code 13 (Dir. Facilities) New Orlcans, LA

CNM Code MAT-(M, Washington. DC: Code MAT-O8E. Washington, DC: NMAT - (44, Washington DC

(9824 (H): OP-098, Washington. DC: OP987}. Washington, DT
COMFLEACT, OKINAWA PWD - Engi Div, Sascho, Japan: PWO. Kadena, Okinawa: PWO, Saseho Japan
COMNAVMARIANAS Code N4, Guem
COMOCEANSYSLANT PW-FAC MGMNT Off Norfolk, VA
COMOCEANSYSPAC SCE, Pearl Harbor HI
COMSUBDEVGRUONE Operations Offr, San Dicgo. CA
DEFFUELSUPPCEN DFSC-OWE (Term Engrng) Alexandria. VA: DFSC-OWF, Alcxandria VA 3
DOE Div Ocean Energy Sys Cons/Solar Energy Wash DC: INEL Tech. Lib. (Reports £ ction). Idaho Falls, ID: |
OPS OFF (Capt WJ Barrattino) Albuquerque NM )
DTIC. Defense Technical Info Ctr/Alexandria. VA
DTNSRDC Code 4111 (R. Gierich). Bethesda MD : |
DTNSRDC Code 522 (Library). Annapolis MD i
ENVIRONMENTAL PROTECTION AGENCY Reg. lil Library. Philadelphia PA: Reg. VIII. 8M-ASL.
Denver CO
FLTCOMBATTRACENLANT PWO, Virginia Bch VA
GIDEP OIC, Corona, CA
GSA Assist Comm Des & Cnst (FAIA) D R Dibner Washington, D(‘ Off of Des & C(mst PCDP (D Eakin)
Washington, DC
HC & RS Tech Pres. Service, Meden, Washington, DC
KWAJALEIN MISRAN BMDSC-RKL-C
LIBRARY OF CONGRESS Washington, DC (Sciences & Tech Div)
MARINE CORPS BASE Code 406, Camp Lejeunc. NC: Maint Off Camp Pendicton, CA; PWD - Maint.
Control Div. Camp Butler, Kawasaki, Japan: PWO Camp Lcjeune NC: PWO. Camp Pendicton CA; PWO,
Camp S. D. Butler, Kawasaki Japan
MARINE CORPS HQS Code LFF-2, Washington DC
MCAS Facil. Engr. Div. Cherry Point NC; CO. Kancohe Bay HI: Code S4. Quantico VA: Facs Maint Dept -
Operations Div, Cherry Point; PWD - Utilities Div, Iwakuni. Japan: PWO. Iwakuni. Japan: PWO, Yuma
AZ; SCE, Futema Japan
MCDEC NSAP REP, Quantico VA
JCLB B520, Barstow CA: Maintenance Officer. Barstow, CA: PWO. Barstow CA
MCRD SCE, San Diego CA
NAF PWD - Engr Div. Atsugi. Japan; PWO, Atsugi Japan
NALF OINC, San Diego. CA ’
NARF Code 100, Cherry Point, NC: Code 612, Jax. FL: Code 64), Pensacola FL: SCE Norfolk, VA

L S . e e e P .
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NAS CO. Guantanamo Bay Cuba: Code 114, Alameda CA: Code 183 (Fac. Plan BR MGR): Code I8700,
Brunswick ME: Code 18U (ENS P.J. Hickey). Corpus Christi TX: Code ). Atlanta. Marictta GA: Code
8E. Patuxent Riv.. MD: Dir of Engrng. PWD. Corpus Christi. TX: Grover, FWD. Patuxent River. MD:
Lakehurst. NJ: Lead. Chief. Petty Offr. PW/Sclf Help Div. Beeville TX: PW (J. Maguire). Corpus Christi
TX: PWD - Engr Div Dir, Millington. TN: PWD - Engr Div, Gtmo. Cuba: PWD - Engr Div. Oak Harbor.,
WA: PWD Maint. Cont. Dir.. Fallon NV: PWD Maint. Div.. New Orlcans. Belle Chasse LA: PWD. Code
I821H (Pfankuch) Miramar. SD CA: PWD, Maintenance Control Dir.. Bermuda: PWO Belle Chasse. LA:
PWO Chase Field Beeville. TX: PWO Key West FL: PWO Lakchurst, NJ: PWO Sigonella Sicily: PWO
Whiting Fid. Milton FL: PWO, Dallas TX: PWO. Glenview IL: PWO, Millington TN: PWO. Miramar, San
Dicgo CA: PWO,. Moffett Ficld CA: SCE Narfolk. VA: SCE, Barbers Point HI: SCE. Cubi Point. R.P:
Weapons Offr, Alameda. CA

NATL RESEARCH COUNCIL Naval Studics Board. Washington DC

NAVACT PWO. London UK

NAVAEROSPREGMEDCEN SCE. Pensacola FL

NAVAIRDEVCEN Chmiclewski, Warminster. PA: PWD. Engr Div Mgr. Warminster, PA

NAVAIRPROPTESTCEN CO. Treaton. NJ

NAVCOASTSYSCEN CO. Panama City FL: Code 715 (J Quirk) Panama City. FL: Library Panama City. FL:
PWO Panama City, FL

NAVCOMMAREAMSTRSTA PWO. Notfotk VA: SCE Unit | N.nplu Italy: SCE., Wahiawa HI

NAVCOMMSTA CO. San Miguel, R.P.: Code 401 Nea Makri. Greece: PWD - Maint Control Div, Diego
Garcia Is.: PWO, Exmouth, Australia: SCE. Balboa, CZ

NAVCONSTRACEN CurriculunvInstr. Stds Offr. Guifport MS

NAVEDTRAPRODEVCEN Technical Library, Pensacola, FL

NAVEDUTRACEN Engr Dept (Code 42) Newport, Rl

NAVENENVSA Code 11 Port Hucneme. CA: Code 111A (Wintes) Port Hueneme CA

NAVEODTECHCEN Code 605, Indian Head MD

NAVFAC PWO, Brawdy Wales UK: PWO, Centerville Beh. Ferndale CA: PWO. Point Sur, Big Sur CA

NAVFACENGCOM Alexandria. VA: Code 03 Alexandria. VA: Code 03T (Essoglou) Alexandria. VA: Code
(B3 Alexandria. VA: Code OSIA Alexandria, VA; Code IWM5S4, Tech Lib. Alexandria, VA: Code 100
Alexandria. VA: Code 1113, Alexandria. VA: Code 111B Alexandria. VA: code O8T Alexandria. VA

NAVFACENGCOM - CHES DIV. Code 1%/11 Washingtor. DC: Code 403 Washington DC: FPO-1 Washington.
DC: Library. Washington, D.C.

NAVFACENGCOM - LANT DIV. Code (4 Norfolk VA Norfolk VA: Code 111, Norfolk. VA: Code 403,
Norfolk. VA: Eur. BR Deputy Dir. Naples Italy: Library. Norfolk. VA: Code 1112, Norfolk. VA

NAVFACENGCOM - NORTH DIV. Code 04 Philadelphia. PA: Code (4AL. Philadelphia PA: Code 09P
Philadelphia PA: Code 11t Philadelphia, PA: ROICC, Coniracts, Crane IN

NAVFACENGCOM - PAC DIV. (Kyi) Code 1M, Pearl Harbor. HI: CODE (WP PEARL HARBOR HI: Code
4 Pearl Harbor HI: Code (i Pearl Harbor HI: Code 402, RDT&E. Pearl Harbor HI: Library, Pearl
Harbor, Hi

NAVFACENGCOM - SOUTH DIV. Code 04, Charlcston SC: Code 11, Charleston, SC: Code 403, Gaddy.
Charleston. SC: Code 1112, Chatleston. SC: Library. Charleston. SC

NAVFACENGCOM - WEST DIV. AROICC. Contracts. Twentynine Palms CA: Code (4, San Bruno, CA;
Code (MB San Bruno. CA: Library, San Bruno, CA: OYP/20 San Bruno. CA: RDT&ELO San Bruno, CA

NAVFACENGCOM CONTRACTS AROICC, NAVSTA Brooklyn. NY: AROICC, Quantico. VA: Contracts.
AROICC, Lemoore CA: Dir, Eng. Div.. Exmouth. Australia: Eng Div dir. Southwest Pac. Manila, PI:
OICC. Southwest Pac. Manita, PI; OICC-ROICC, NAS Occana. Virginia Beach, VA: OICC/ROICC,
Balboa Panama Canal: ROICC AF Guam: ROICC Code 495 Portsmouth VA: ROICC Key West FL:
ROICC MCAS El Toro: ROICC. Keflavik. Iccland: ROICC. NAS. Corpus Christi, TX: ROI(C Pacific, San
Bruno CA: ROICC, Yap: ROICC-OICC-SPA. Norfolk, VA

NAVHOSP PWD - Engr Div. Beaufort, SC

NAVMAG I'WD - Engr Div. Guam: SCE. Guam: SCE. S bic Bay. R.P.

NAVOCEANSYSCEN Code 4473 Bayside Library. San Dicgo. CA: Code 4473B (Tech Lib) San Diego. CA:
Code 523 (Hurley), San Diego. CA: Code 6700, San Dicgo, CA: Cude 8lI San Dicgo. CA

NAVORDMISTESTFAC PWD - Engr Dir. White Sands, NM

NAVORDSTA PWD - Dir, Engr Div, Indian Head. MD: PWO. Louisville KY

NAVPETOFF Code 30, Alexandria VA

NAVPETRES Dircctor. Washington DC

NAVPHIBASE CO, ACB 2 Norfolk, VA: Code S3T. Norfolk VA: SCE Coronado, SD.CA

NAVHOSP CO. Millington, TN :

NAVREGMEDCEN PWD - Engr Div. Camp Lejoune. NC: PWO, (amp Lejeune, NC

NAVREGMEDCEN PWO, Okinawa. Japan

NAVREGMEDCEN SCE: SCE San Diego. CA: SCE, Camp Pcndluon CA: SCE. Guam: SCE. Newport, RI;
SCE. Oukland CA

NAVREGMEDCEN SCE. Yokosuka, Japan

NAVSCOLCECOFF C35 Port Hueneme. CA

NAVSCSOL PWO, Athens GA




[

_ PHIBCB | P&E. San Dicgo. CA

NAVSEASYSCOM Code (1325, Program Mgr. Washington. DC: Code PMS 395 A 3. Washington, DC: SEA
ME (L Kess) Washington, DC

NAVSECGRUACT PWO. Adak AK: PWO. Edzell Scotland: PWO, Puerto Rico: PWO. Torti Sta. Okinawa

NAVSECSTA PWD - Engr Div, Wash.. DC

NAVSHIPYD Code 202.4. Long Beach CA: Code 202.5 (Library) Puget Sound. Bremerton WA: ‘Code 380.
Portsmouth, VA Codv 382.3. Pearl Harbor, HI; Code 400, Puget Sound: Code 410, Mare Is., Vallejo CA:
Code 440 Portsmouth NH: Code 440, Norfolk: Code 440, Puget Sound, Bremerton WA: Code 453 (Util.
Supr). Vallejo CA; Library. Portsmouth NH: PW Dept. Long Beach. CA: PWD (Code 420) Dir Portsmouth,
VA: PWD (Code 450-HD) Portsmouth, VA:; PWD (Code 453-HD) SHPO 03. Portsmouth. VA: PWO,
Bremerton, WA: PWO, Mare Is.: PWO. Puget Sound: SCE. Pearl Harbor HI: Tech Library. Vallejo, CA

NAVSTA Adak. AK: CO. Brooklyn NY: Code 4, 12 Marine Corps Dist. Treasure Is., San Francisco CA: Dir
Engr Div, PWD, Mayport FL; Dir Mech Engr 3TWCY3 Norfolk. VA: Engr. Dir.. Rota Spain: Long Beach.
CA: Maint. Cont. Div.. Guantanamo Bay Cuba; PWD - Engr Dept, Aduk. AK: PWD - Engr Div. Midway
Is.. PWO. Keftavik Iceland: PWO. Mayport FL: SCE. Guam. Marianas: SCE. Pearl Harbor Hl: SCE, San
Diego CA: SCE. Subic Bay. R.P.. Utilities Engr Off. Rota Spain

NAVSUPPACT CO. Naples, Italy; PWO Naples Ttaly

NAVSUPPFAC PWD - Maint. Control Div, Thurmont, MD

NAVSUPPO PWO, La Maddalena, ltaly

NAVSURFWPNCEN PWO, White Ouak. Silver Spring. MD

NAVTECHTRACEN SCE. Pensacola FL

NAVTELCOMMCOM Code $3., Washington, DC

NAVWPNCEN Code 24 (Dir Safe & Sec) China Lake. CA: Code 2636 China Lake: ‘Cmdr. China Lake. CA;
Code 26605 China Lake CA: Code 623 China Lake CA; PWO (Code 266) China Lake, CA; ROICC (Code
702). China Lake CA

NAVWPNEVALFAC Technical Library. Albuquerque NM

NAVWPNSTA (Clebak) Colts Neck. NJ: Code 092, Concord CA: Code (M92A, Seal Beach., CA

NAVWPNSTA PW Office Yorktown, VA

NAVWPNSTA PWD - Maint. Control Div.. Concord. CA: PWD - Supr Gen Engr, Seal Beach. CA: PWO,
Charleston, SC: PWO. Seal Beach CA

NAVWPNSUPPCEN Code (9 Crane IN

NCTC Const. Elec. School. Port Hueneme. CA

NCBC Code 10 Davisville. RI: Code 15, Port Hueneme CA: Code 155. Port Hueneme CA: Code 156, Port
Hueneme, CA: Code 25111 Port Hueneme. CA: Code 430 (PW Engrng) Gulfport. MS; Code 470.2,
Gulfport. MS: Library, Davisville, RI: NEESA Code 252 (P Winters) Port Hueneme, CA: PWO (Code 80)
Port Hueneme. CA; PWO, Davisville RI: PWO. Gulfport. MS: Technical Library, Gulfport. MS

NCR 20, Code R70

NMCB FIVE. Operations Dept: THREE, Oper.mom Off.

NOAA (Mr. Joseph Vadus) Rockville, MD; Library Rockville, MD

NRL Code 5800 Washington, DC

NROTC 1.W. Stephenson, UC, Berkeley, CA

NSC Code 54.1 Norfolk, VA

NSD SCE. Subic Bay, R.P.

NSWSES Code 0150 Port Hucneme, CA >

NUSC DET Code 131 New London. CT: Code 4111 (R B MacDonald) New London CT: Code 5202 (S. Schady)
New London. CT: Code EAI123 (R.S. Munn), New London CT: Code SB 331 (Brown), Newport Rl

OFFICE SECRETARY OF DEFENSE OASD (MRA&L) Dir. of Encrgy. Pem.lg(m Washington. DC

ONR Code 221, Arlington VA; Code 700F Arlington VA

PACMISRANFAC HI Arca Bkg Sands. PWO Kcekaha, Kauai, Hi

PERRY OCEAN ENG R. Pellen, Riviera Beach, FL

PMTC Code 3331 (S. Opatowsky) Point Mugu CA o

PWC ACE Office Norfolk. VA: CO, (Code 1), Oakland, CA; Code 10. Great Lakes, IL: Code 10§ Oukland.
CA: Code 110. Great Lakes. IL; Code 110. Ouakland, CA: Code 120, Oakland CA: Code 154 (Library),
Great Lakes. IL: Code 200, Great Lakes IL; Code 400, Great Lakes, IL:; Code 400, Peard Harbor, HI: Code
400, San Diego. CA; Code 420, Great Lakes, IL: Code 420, Oakland, CA: Code 424. Norfolk. VA: Code
500 Norfolk. VA: Code SOSA Oakland. CA: Code 6(0. Great Lakes. IL: Code 610, San Diego Ca: Code
700, Great Lakes, IL: Library, Code 120C. San Dicgo. CA: Library, Guam: Library, Norfolk. VA: Library.
Pearl Harbor, HI: Library, Pensacola. FL: Library. Subic Bay. R.P.; Library. Yokosuka JA: Util Dept (R
Pascua) Pearl Harbor, HI: Utilitics Officer. Guam

SPCC PWO (Code 120) Mechanicsburg PA

SUPANX PWO. Williamsburg VA

TVA Smelser. Knoxville. Tenn.: Solar Group. Arnold. Knoxville. TN

U.S. MERCHANT MARINE ACADEMY Kings Point, NY (Reprint Custodian)

USAF REGIONAL HOSPITAL Fairchild AFB, WA

US GEOLOGICAL SURVEY (Chas E. Smith) Mincrals Mgmt Serv. Reston, VA

USCG G-DMT-3/54 (D Scribner) Washington DC: G-MMT-4/82 (J Spencer): Library Hgs Washington. DC




USCG R&D CENTER D. Motherway, Groton CT: Library New London, CT
USDA Forest Service Reg 3 (R. Brown) Albuquerque. NM: Forest Service. San Dimas. CA
USNA Ch. Mech. Engr. Dept Annapolis MD: ENGRNG Div. PWD. Annapolis MD: Energy-Environ Study .
Grp, Annapolis, MD: Environ. Prot. R&D Prog. (J. Williams). Annapolis MD: Mech. Engr. Depi. (C. )
Wu), Annapolis MD; USNA/SYS ENG DEPT ANNAPOLIS MD : !
USS FULTON WPNS Rep. Offr (W-3) New York, NY . .
ARIZONA Kroelinger Tempe, AZ: State Energy Programs Off.. Phoenix AZ
AUBURN UNIV. Bidg Sci Dept, Lechner. Auburn, AL :
BATTELLE PNW Labs (R Barchet) Richland WA
BERKELEY PW Engr Div, Harrison, Berkcley, CA . .
BONNEVILLE POWER ADMIN Portland OR (Energy Consrv. Off.. D. Davey) ¢
BROOKHAVEN NATL LAB M. Stcinberg. Upton NY !
CALIFORNIA STATE UNIVERSITY LONG BEACH. CA (CHELAPATI) ‘ -
CLEMSON UNIV. Col. Arch.. Egan, Clemson. SC . : ‘
CONNECTICUT Office of Policy & Mgt. Energy. Div. Hartford, CT f
CORNELL UNIVERSITY Ithaca NY (Serials Dept. Engr Lib.)
DAMES & MOORE LIBRARY LOS ANGELES. CA : .
DRURY COLLEGE Physics Dept. Springficld, MO : (
FLORIDA ATLANTIC UNIVERSITY Boca Raton. FL (McAllister) :
FOREST INST. FOR OCEAN & MOUNTAIN Carson City NV (Studies - Llhrary)
GEORGIA INSTITUTE OF TECHNOLOGY (LT R. Johnson) Atlanta, GA: Col. Arch. Benton. Atlanta, GA
HARVARD UNIV. Dept. of Architecture. Dr. Kim, Cambridge. MA
HAWAII STATE DEPT OF PLAN. & ECON DEV. Honotulu HI (Tech Info Cur)
TIOWA STATE UNIVERSITY Dept. Arch, McKrown, Ames. 1A
WOODS HOLE OCEANOGRAPHIC INST. Woods Hole MA (Winget)
KEENE STATE COLLEGE Keene NH (Cunningham)
LEHIGH UNIVERSITY BETHLEHEM, PA (MARINE GEOTECHNICAL LAB.. RICHARDS): Bethichem
PA (Linderman Lib. No.30, Flecksteiner)
LOUISIANA DIV NATURAL RESOURCES & ENERGY Div Of R&D. Baton Rouge, LA
MAINE OFFICE OF ENERGY RESOURCES Augusta. ME
MISSOURI ENERGY AGENCY Jefferson City MO
MIT Cambridge MA (Rm 10-500, Tech. Reports. Engr. Lib.): Cambridge. MA (Harleman)
MONTANA ENERGY OFFICE Anderson. Helena, MT ' : :
NATURAL ENERGY LAB Library, Honolulu, HI
4 NEW HAMPSHIRE Coucord NH (Governor's Council on Energy)
\ ‘ NEW MEXICO SOLAR ENERGY INST. Dr. Zwibel Las Cruces NM
A NY CITY COMMUNITY COLLEGE BROOKLYN, NY (LIBRARY)
\ NYS ENERGY OFFICE Library, Albany NY
OAK RIDGE NATL LA3 T. Lundy, Oak Ridge, TN
PENNSYLVANIA STATF UNIVERSITY STATE COLLEGL, PA (SNYDER)
PURDUE UNIVERSITY Lafayette, IN (CE Engr. Lib)
SCRIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLA, CA (ADAMS)
SEATTLE U Prof Schwaegler Seattle WA
SOUTHWEST RSCH INST King, San Antonio. TX
SRI INTL Phillips. Chem Engr Lab, Menlo Park, CA
STATE UNIV. OF NEW YORK Fort Schuyler, NY (Longobardi)
STATE UNIV. OF NY AT BUFFALO School of Medicine. Buffalo, NY
¥V TEXAS A&M UNIVERSITY W.B. Ledbetter College Station, TX
. UNIVERSITY OF ALASKA Doc Collections Fairbanks, AK : i
TTTiT T UNIVERSITY OF CALIFORNIA Berkeley CA (Dept of Naval Arch.); Energy Engincer, Davis CA; |
LIVERMORE, CA (LAWRENCE LIVERMORE LAB. TOKARZ): UCSF, Physical Plant. San Francisco, \ .
CA
UNIVERSITY OF DELAWARE Newark. DE (Dept of Civil Engineering. Chesson)
UNIVERSITY OF FLORIDA Dept Arch.. Morgan, Gainesville, FL
UNIVERSITY OF HAWAII (Colin Ramage) Dept of Mctcorology Honolulu HI: HONOLULU. HI (SCIENCE .
AND TECH. DIV.); Natl Energy Inst (DR Neill) Honolulu HI
UNIVERSITY OF ILLINOIS (Hall) Urbana, IL; URBANA, IL (LIBRARY)
UNIVERSITY OF MASSACHUSETTS (Heronemus), ME Dept. Amherst, MA
UNIVERSITY OF NEBRASKA-LINCOLN Lincoln, NE (Ross Ice Shelf Proj.) )
UNIVERSITY OF NEW HAMPSHIRE Elec. Engr. Depot. Dr. Murdoch, Durham. N.H.
UNIVERSITY OF TEXAS Inst. Marine Sci (Library). Port Arkansas TX
UNIVERSITY OF TEXAS AT AUSTIN AUSTIN, TX (THOMPSON)
UNIVERSITY OF WASHINGTON Seattle WA (E. Linger)
UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies)
ARVID GRANT OLYMPIA, WA
ATLANTIC RICHFIELD CO. DALLAS, TX (SMITH)




BECHTEL CORP. SAN FRANCISCO., CA (PHELPS)

BROWN & ROOT Houston TX (D. Ward) )

CHEMED CORP Lake Zurich IL (Dearborn Chem. Div.Lib.)

CHEVRON OIL FIELD RESEARCH CO. LA HABRA. CA (BROOKS)
COLUMBIA GULF TRANSMISSION CO. HOUSTON. TX (ENG. LIB.)
DESIGN SERVICES Beck. Ventura, CA -

DILLINGHAM PRECAST F. McHale, Honolulu HI

DIXIE DIVING CENTER Decatur. GA -~

DURLACH. O'NEAL, JENKINS & ASSOC. Columbia SC

EXXON PRODUCTION RESEARCH CO Houston. TX (Chao)

GARD INC. Dr. L. Holmes, Niles, IL

KLEIN ASSOCIATES Vincent, Salem NH

LITHONIA LIGHTING Application eng. Dept. (B. Helton), Conyers. GA 30207
LOCKHEED MISSILES & SPACE CO. INC. L. Trimble, Sunnyvale CA
MCDONNEL AIRCRAFT CO. (Fayman) Engrng Dept.. St. Louis, MO
MEDERMOTT & CO. Diving Division, Harvey, LA

NEWPORT NEWS SHIPBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.)
PACIFIC MARINE TECHNOLOGY (M. Wagner) Duvall. WA

PG&E Library, San Francisco. CA

PORTLAND CEMENT ASSOC. Skokie IL (Rsch & Dev Lab. Lib.)
RAYMOND INTERNATIONAL INC. E Colle Soil Tech Dept. Pennsauken. NJ
ROCKWELL INTL Energy Sys Group (R.A. Williams) Golden CO

SANDIA LABORATORIES Albuquerque, NM (Vortman): Library Div., Livermore CA
SCHUPACK A.SOC SO. NORWALK, CT (SCHUPACK)

SEATECH CORP. MIAMI. FL (PERONI)

SHANNON & WILLSON INC. Librarian Seattle, WA

SHELL DEVELOPMENT CO. Houston TX (C. Sellars Jr.)

TEXTRON INC BUFFALO, NY (RESEARCH CENTER LIB.)

TRW SYSTEMS REDONDO BEACH. CA (DAl)

UNITED TECHNOLOGIES Windsor Locks T (Hamilton Std Div., Library) -
WARD, WOLSTENHOLD ARCHITECTS Sacramento, CA

WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceanic Div Lib. Bryan); Library, Pittshurgh PA
WM CLAPP LABS - BATTELLE DUXBURY. MA (LIBRARY)
WOODWARD-CLYDE CONSULTANTS PLYMOUTH MEETING PA (CROSS, Ii)
BRAHTZ La Jolla, CA

ERVIN, DOUG Beimont, CA

FISHER San Diego. Ca

KETRON, BOB Ft Worth, TX

KRUZIC, T.P. Silver Spring, MD .

BROWN & CALDWELL Saunders. E.M./Oakland. CA

T.W. MERMEL Washington DC :

WALTZ Livermore. CA




INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised its primary distribution lists. The bottom of
the mailing label has several numbers listed. These numbers correspond to numbers assigned to the list of
Subject Categories. Numbers on the label corresponding to those on the list indicate the subject category and
type of documents you are presently receiving. If you are satisfied, throw this card away (or file it for later 2N

e s e vt - v s s ettt
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| [ : ® Add - circle number on list.
- ; ® Remove my name from all your lists — check box on list.
; ® Change my address — line out incorrect line and write in correction (ATTACH MAILING LABEL). .
! ® Number of copies should be entered after the title of the subject categories you select. -
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! . 'a'
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Port Hueneme, California 93043
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 DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Laboratory is revising its primary distribution lists.

SUBJECT CATEGORIES

SHORE FATILITIES

Construction methode snd meterisls {(including corrosion
control, coatings)

Waterfront structures (maintenance/deterioration control)

Utilities {including power ditioningl

Explotives mafety

Construction equip and hinery

Fire prevention snd controt

Antenna technology

Structural snalysis and dasgn lincluding numerical and
computer tachnigues)

10 Protective construction lincluding hardened shelters,

shock and vibration studies)

11 Soil/rock mechanics

13 BEQ

14 Airtields and pevements

13 ADVANCED SASE AND AMPHIBIOUS FACILITIES

18 Base Iacilities lincluding shelters, power genaration, water supplies)

17 Expedi roads/airfisids/bridges

18 Amphibious operations (including breskwaters, wave forcas)

19 Over-the-Beach operations {including containerization,

materiel transter, lighterage and cranes)

20 POL storage, transfer and distribution

24 POLAR ENGINEERING )

24 Sama as Ach d Base snd Amghibi Facilities,

except limited to cold-region environmants

OO PABDW Wm

TYPES OF DOCUMENTS .
83 Techdata Sheens 86 Technical Reports and Technical Notes
83 Table of Contents &k Index to TDS

18 ENERGY/POWER GENERATION

29 Tharmel conesrvation {(therma! enginsering of buildings, HVAC
systoms, snergy loss POWSY OO ion})

30 Controls and slectrice! conesrvetion hh::u

snergy ng ond v

31 Fusl flenibility {liquid fuew, cosl utilization, energy
from tolid waste}

32 Alrernate snergy source {geoth i powser, P
power systems, solar systerns, wind systems, energv storage
wstems)

33 Site data end oty integration (snergy data, energy
consumption dets, integrating energy systems?

34 ENVIRONMENTAL PROTECTION

35 Solid waste mansgement

36 Hazardous/toxic materisis management

37 W - and Y engineering
38 Oil polluti i and 1 4
39 Air poliution

40 Noise sbatement

‘44 OCEAN ENGINEERING

45 Seaf! soils snd tound:

48 Seatt ion sy and operations {including
diver and manipuistor tools)

47 Underses structures snd materials

48 Anchors snd moorings

49 Underses power sy slact chanicel cables,
ond conneciors

50 Prassure vesse! facilities

51 Physical environment lincluding site surveying)

52 Ocesn-based concrete structures

53 Hyperbaric chambers

54 Undarses cable dynemics
82 NCEL Guide & Updates 3 None—
91 Physicel Security TEmovE My Rame




